ABSTRACT Soybean oil (SO), rapeseed oil (RO), or two commercial fat products (FPl, FP2) were incorporated at 3.5% levels into four different corn-soybean meal mash broiler diets. Each of the four diets was fed to five replicates (pens) of broiler chickens for 42 d. After slaughtering the birds, samples of the abdominal fat, subcutaneous fat, and fat extracted from the thigh and the breast portion were collected from 16 birds per treatment. The fat samples were analyzed for their fatty acid composition using gas chromatography and the melting point of the abdominal fat was recorded.
INTRODUCTION
Fatty acids are the main elements of triacylglycerols, which, by themselves, are the main components of neutral fats. Some polyunsaturated fatty acids (PUFA), such as linoleic and linolenic acid, are essential for humans and animals (Gurr, 1992) and therefore must be incorporated into the diet. Deficiencies in essential fatty acids will cause metabolic disorders (Whitehead, 1984) . These essential fatty acids are important when discussing the use of various fat sources for animal nutrition. On the other hand, incorporation of fats in the diet may significantly affect several characteristics of product quality. Feeding different dietary lipids will result in different fatty acid patterns in the abdominal fat of broilers (Pinchasov and Nir, 1992; Scaife et al, 1994) . Intramuscular fat is also expected to be affected by the treatments caused significant changes in the fatty acid patterns for all analyzed tissues, although the differences were more pronounced for the adipose tissues. Overall, the adipose tissues contained more polyunsaturated and less saturated fatty acids than the fat from the breast and thigh portions. The melting point of the abdominal fat was significantly altered by the use of different dietary fats: RO gave a lower melting point than SO and FPl; the highest values were recorded for FP2.
The data presented here indicate that the selection of certain dietary fat sources has a major impact on the composition and the melting point of broiler adipose tissues. The effect on the fatty acid composition of meat portions, however, is limited.
1996 Poultry Science 75:208-215 dietary fat (Ajuyah et al, 1991; Chanmugam et al, 1992; Sheehy et al, 1993) ; however, the effect on the composition of the adipose tissues should be more pronounced (Yau et al, 1991) . There is evidence that feeding certain dietary fatty acids will affect the levels of essential fatty acids in broiler meat. Therefore, chicken meat can be a source for these essential fatty acids for humans (Chanmugam et al, 1992; Hargis and Van Elswyk, 1993) .
As a factor of product quality, the melting point is an important characteristic of animal fat for both the food industry and the consumer. The melting process of triacylglycerols depends on their fatty acid composition. Because animal fats consist of mixtures of triacylglycerols, there is no true melting point (Enser, 1984a) , and usually criteria like the slip point and the clarification point are used to characterize triacylglycerol consistency and melting point, respectively. It has been found in pigs that the melting (clarification) point depends on the dissolution of the more saturated glycerides and that the percentage of stearic acid will give the best prediction of the melting point. The correlation between the proportion of stearic acid and lipid consistency can be expected to be higher than 0.9 (Wood et al, 1978; Enser, 1984b) . However, data from other sources show that the sum of unsaturated fatty acids or the ratio of monounsaturated (MUFA) to saturated fatty acids (SFA) may give the best or at least a good prediction of the melting point (Elliot and Bowland, 1969; Lea et al, 1970) . The above results have also been obtained with pigs. The objectives of the present study were to analyze the effects of different dietary fat sources on the composition of different adipose tissues (abdominal fat, subcutaneous fat) and of the fat from different meat portions (breast, thigh) of broiler carcasses. Also, the relationship between the melting point and the fatty acid pattern of the abdominal fat was quantified.
MATERIALS AND METHODS

Experimental Design and Diets
A total of 1,300 day-old Vedette broiler chicks of both sexes were randomly assigned to 20 litter pens (65 chickens per pen). The bird density was 22 birds per square meter. There were four dietary treatments with five replicates (pens) each.
Four dietary treatments were achieved by using one out of four different fat sources for formulating the experimental diets: soybean oil (SO), rapeseed oil (RO), and two different commercial fat products (FP1, 2 FP23) were incorporated into commonly used mash broiler rations, which consisted of 61.5% corn, 25.0% soybean meal, 4.0% fish meal, 2.0% meat and bone meal, 4.0% mineral and vitamin premix, and 3.5% of the respective fat source. The calculated nutrient contents per kilogram of the diets were 3,170 kcal ME, 21.5% CP, 6.6% ether Tables 1 and 2 , respectively. Deriving from their fatty acid pattern, FP1 can be roughly characterized as a blend of animal and vegetable fat, and FP2 is a processed fat with an especially high content of myristic acid, palmitic acid, stearic acid, and behenic acid. Incorporation of the different fat sources resulted in a marked change in the fatty acid pattern of the experimental diets (Table 2) .
Data Collection
After 42 d, the birds were slaughtered and 16 carcasses per group (male:female = 1:1) were stored at a temperature of 4 C for about 16 h. Afterwards the carcasses were dissected and samples from the different portions were collected: breast meat plus attached skin, thigh muscles plus attached skin, abdominal fat, and subcutaneous fat from a position close to the coracoid bone. The samples were frozen and stored in a freezer at -20 C until further processing. The meat samples were homogenized using a blender with horizontal blades and dried at 100 C. The total lipids were extracted with ethyl ether using a Soxhlet apparatus. Samples of total lipids and of abdominal and subcutaneous fat were converted to methyl esters by transesterification with 5% BF3-MeOH 4 (Morrison and Smith, 1964) . The fatty acid methyl esters were analyzed using a gas chromatograph (Perkin-Elmer 8310), 5 equipped with a packed column (Carbowax on Chromosorb, 80 to 100 mesh; 1/8 in x 2 m) 5 and flame ionization detection. The injector-column-detector temperatures were 240-190-250 C. Nitrogen was used as carrier gas. The melting point was measured for the abdominal fat samples only. The tissue samples were melted at 100 C, placed in a U-shaped capillary glass tube, and stored below 10 C for 24 h. Slip point and clarification point were measured according to Naumann and Bassler (1983) : the capillary glass tube with the fat sample was placed in a water bath with a stirring unit and a thermometer. The water bath was placed in front of a dark background and was well lighted. The initial water temperature was 18 C. The water was initially heated at a rate of 2 C/min; the heating rate was decreased to 1 C/ min once the difference between the expected melting point (from preliminary analysis) and the water bath was less than 10 C. The slip point was defined as the temperature at which the fat sample started to slip down in the capillary glass tube. The clarification point was defined as the temperature at which clouding of the sample was no longer observable. The measurements of the melting points were replicated three times. Values from the second and the third replicate were used for statistical analysis.
Statistical Analysis
All data expressed as percentage (p) were transformed using the equation:
The relationship between the fatty acid content of the diets and the fatty acid pattern of the various tissues as well as the relations between the fatty acid content of the abdominal fat and its clarification point and slip point were analyzed using the GLM (General Linear Models) procedure of SAS® (SAS Institute, 1989) . Differences between group least squares means were analyzed using the LSMEANS option and the BONFERRONI-HOLM test procedure (Holm, 1979) . Statistical differences were considered to be significant when P < 0.05.
RESULTS AND DISCUSSION
The fatty acid pattern of the diets typically reflected the composition of the different dietary fat sources (Table 1 and 2). The predominant SFA were palmitic and stearic acid, the predominant MUFA was the oleic acid, and linoleic and linolenic acids had the highest percentage among PUFA. The high amounts of arachidonic acid (C20:4) and behenic acid (C22 : o) mainly account for the high percentage of fatty acids, which are summarized as "others" for FP2 and diet FP2.
Composition of Abdominal and Subcutaneous Fat
The different dietary fats caused typical differences in the fatty acid pattern of the abdominal and subcutaneous fat (Table 3) . This is in good agreement with data from various authors, who reported significant changes in the composition of the abdominal fat after feeding different dietary fat sources or different amounts of certain fatty acids (Pinchasov and Nir, 1992; Zollitsch et al, 1992; Scaife et al, 1994) . As compared to the other diets, FP2 caused a significantly higher percentage of SFA (particularly myristic acid and palmitic acid) in the adipose tissues.
Oleic acid is the major fatty acid of carcass fat (Ajuyah et al, 1991) and intramuscular fat (Olomu and Baracos, 1991) . In this experiment, oleic acid was also the predominant fatty acid in all tissues (Table 3 and 5) .
With the exception of the linoleic acid percentage of the subcutaneous fat, there were significant differences between all dietary treatments in the content of linoleic acid, linolenic acid, and PUFA in the adipose tissues. These differences typically reflect the specific composition of the dietary fat sources of the different experimental diets (Table 1 and 2). Pinchasov and Nir (1992) also described a direct relationship between the dietary content of PUFA and its percentage in the adipose tissues. "-"Least squares means in a row with no common superscript differ significantly according to Bonferroni-Holm test (P < 0.05). ^iet containing fat source: SO = soybean oil, RO = rapeseed oil, FP1, FP2 = fat product 1, 2. The lower differences of the oleic acid content in the adipose tissues than in the diets that were found in this experiment are confirmed by the data of Valencia et al. (1993) , who reported minimal effects of feeding different fat sources on the MUFA content of the abdominal fat, whereas SFA and PUFA were affected more severely. In this experiment, the greatest differences between dietary treatments were found for the percentages of linoleic and linolenic acid (Table 3) .
The dependency between the dietary content and the percentage of the respective fatty acid in the adipose tissues can be described by regression equations and are quantified by the r 2 values (Table 4 ). The closest relationship was found for myristic acid. The reason for this is the high utilization of myristic acid (highest among SFA and higher than for MUFA; Ketels and DeGroote, 1987) , because the absorption from the digestive tract decreases with increasing chain length of the fatty acids (Freeman, 1984) .
In this experiment, the dietary content of the essential linoleic and linolenic acid highly affected the percentages of these fatty acids in the adipose tissues (Table 4 ). This was represented by a linear or quadratic regression and is in good agreement with the results published by Pinchasov and Nir (1992), who found both linear and quadratic relationships between the dietary amount of PUFA and the PUFA content in the abdominal and carcass fat. In contrast, Valenicia et al. (1993) reported linear relationships only. The composition of the dietary fat affects its absorption and utilization and there can be synergistic effects between different fatty acids (Freeman, 1984) . These could be the reasons for the reported differences in the shape of the response lines (curves), because in this experiment as well as in the work of Pinchasov and Nir (1992) , data from feeding different fat sources were combined for the statistical analysis of the effects of dietary fat composition, whereas Valencia et al. (1993) only analyzed the effect of a single fat source.
There were no significant differences in the fatty acid composition between abdominal and subcutaneous fat for any of the dietary treatments. This is in good agreement with the results of previous work (Marion and Woodroof, 1963) and is of importance for the consumer demand for a desired fatty acid pattern of foodstuffs: the composition of the abdominal fat, from which samples can be taken easily, more accurately represents the fatty acid pattern of the subcutaneous fat that is consumed than does the abdominal fat pad.
Fat Composition of the Meat Portions
The different dietary fat sources also significantly influenced the percentage of fatty acids of the fat extracted from the breast and thigh portion (Table 5 ). In general, differences between dietary treatments, when represented as relative differences in the contents of SFA, MUFA, and PUFA, were more pronounced for the thigh portion than for the breast. This is in agreement with the data presented by Sheehy et al. (1993) , who concluded that the fatty add composition of muscles tended to reflect the composition of the dietary lipids and that after feeding different fat sources, the changes in the fatty acid pattern were more pronounced for the thigh than for the breast. On the other hand, in this experiment the fatty acid pattern of the breast appeared to be more similar to the subcutaneous and abdominal fat than was the composition of the thigh. This could be explained by the fact that in this experiment, the breast and the thigh should represent the usually consumed portions and therefore were analyzed including the attached skin. Because the thigh portion contains more fat than the breast, it could be expected that the subcutaneous fat would influence the fatty add pattern of the breast muscle more severely than the thigh, therefore causing greater differences. However, the latter has not been the case (Table 5) . Overall, the breast and thigh portion showed a similarity in their fatty acid pattern and clearly differed from the fat composition of the adipose tissues: for all fatty acids with significant differences between breast and abdominal fat, significant differences between thigh and abdominal fat were also recorded. The content of MUFA (particularly palmitoleic add and oleic acid) was quite similar for the adipose tissues and the meat portions.
Regarding the relationship between dietary fatty acids and the fat composition of the meat portions, the regression analysis showed that, similar to the adipose tissues, the closest relationship was recorded for myristic acid (Table 6 ). The r 2 values for the regression equations of dietary palmitoleic and oleic acid on the content of these fatty adds in the meat portions are within a medium range. Despite significant differences between dietary treatments in the percentage of a number of fatty acids in the meat portions, there-was no close relationship between the dietary content of palmitic, linoleic, and linolenic acid and the percentage of these fatty acids in the meat. This was quantified by low r 2 values and could be due to the oxidation of fatty acids, which are functioning as a source of energy in tine muscle (Pethick et al., 1984) .
It was expected that the breast contained more SFA and less PUFA than the thigh (Ajuyah et al, 1991; Sheehy et al, 1993) . However, this is in contrast to the data presented here (Table 5) . A probable reason is that there were different tissues included in the samples: whereas in this work both the breast and the thigh portion included the attached subcutaneous fat, the latter has been removed in the experiments of Ajuyah et al. (1991) and Sheehy et al. (1993) .
When comparing the fatty acid pattern of the abdominal fat with the composition of the fat extracted from the meat portions, the main differences between these tissues a-dMeans within rows with no common superscript differ significantly (P < 0.05). iDiet containing fat source: SO = soybean oil, RO = rapeseed oil, FP1, FP2 = fat product 1, 2.
occurred with regards to palmitic acid and PUFA. A reason for this result could be that the PUFA may have been metabolized at a high rate in the muscle tissue, whereas they have been stored as a source of energy in the adipose tissues. In contrast to this, the content of MUFA is quite similar for both the adipose tissues and the meat portions. In this experiment, there was also a trend towards a higher content of stearic acid in the thigh than in the breast portion, and the lowest values were recorded for the abdominal fat (Table 3 and 5). This can be explained by the higher content of phospholipids in the muscles (Salmon and Neil, 1973) .
The data presented here also show that for commonly consumed portions of the carcass (breast and thigh), the content of PUFA and the ratios (MUFA+PUFA):SFA and PUFA:SFA, which are frequently discussed as having a major impact on the nutritive quality of foodstuffs for human nutrition (Gurr, 1992) , are influenced only to a rather small extent by the fatty acid content of the animal's diet. Differences between adipose and other tissues have been reported earlier (Marion and Edwards, 1963; Marion and Woodroof, 1963) .
The sex of the chickens was expected to have no effect on the fatty acid pattern of both the adipose tissues and the meat portions (Olomu and Baracos, 1991) . This expectation was confirmed by the data from this experiment.
Melting Point of Abdominal Fat
The melting points (slip point and clarification point) of the abdominal fat are given in Table 7 . The melting point is dependent on the actual content of fatty acids in the triacylglycerols, which account for about 95% of the adipose tissues (Enser, 1984a) . In this experiment, the differences in the fatty acid patterns of the abdominal fat that were caused by feeding different dietary fat sources resulted in significant differences in the slip point and slight differences in the clarification point. A difference of 9.5 C in the slip point (between FP2 and RO) will certainly have a major impact on the consistency of the abdominal fat pad.
From the results in Table 8 it can be concluded that SFA and (MUFA+PUFA):SFA give the best estimation of both the slip point and the clarification point. Also, the percentage of stearic acid (Wood et ah, 1978; Enser, 1984b) or the MUFA:SFA ratio (Lea et al, 1970) may be the best predictors for the melting point of adipose tissue. However, in this experiment lower r 2 values for the stearic acid than for several other criteria were found (Table 8) . For the data presented here, r 2 values even for the criteria that give the best prediction of the melting point are only in a medium range of about 0.5. This result means that only 50% of the variance of the melting point can be explained by the variance of the respective character. In general, r 2 values are slightly higher for the slip point than for the clarification point (Table 8 ). This higher r 2 seems to be due to the greater probability for inaccuracies when determining the clarification point than when determining the slip point, which results in a greater variation of the data for the clarification point.
In conclusion, the results of this study showed that on the one hand, abdominal fat and subcutaneous fat have an almost identical fatty acid pattern. On the other hand, composition of the adipose tissues differ significantly from the fat extracted from the meat portions. This is the case for the fatty acid pattern itself as well as for the observed effect of the dietary fat on the composition of the animal fat. Contrary to the composition of the adipose tissue, which closely follows the dietary lipids, the fat in the meat portions can be influenced by different dietary fat sources only to a small extent. This is especially the case for the content of PUFA, which is often discussed in connection with consumer demand for "healthy" foodstuffs.
